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This work  was carried  out to study  different  levels  of glycerine  as  a partial  replacement
of  corn  on  apparent  digestibility,  feed  intake  and  efﬁciency  and  animal  performance  in
young Purunã  bulls  ﬁnished  in  a  feedlot.  This  study  used  40  Purunã  bulls  of  209  ±  33.3  kg
live  weight  and  8 ±  0.9  months  old  at the  start  of  the  experiment.  The  bulls  were  kept in
a feedlot  for  240  days.  The  diets  were  as follows:  no glycerine  and  glycerine  added  at 60,
120 and  178  g/kg DM.  The  apparent  digestibility  of  nutrients  increased  with increasing
glycerine  in  the  diet,  with  the exception  of ether  extract  and  neutral  detergent  ﬁbre.  Feed
efﬁciency  was  improved  by  increasing  glycerine  level  in  the  diet.  The  feed  intake  and  animal
performance  were  similar  among  the  four  diets.
© 2014  Elsevier  B.V.  All  rights  reserved.
1. Introduction
High global demand for energy has led to the increasing production and trade of biofuels, especially liquid fuels for
transportation to replace fossil energy sources, improve energy security and to counter greenhouse gas emissions (Walter
et al., 2008). Rapid growth in biofuel production has led to increased competition for raw materials for human food, animal
feed and fuel usage, as well as an increasing quantity of co-product (Robinson et al., 2008). Glycerine is the main co-product
generated in the production of biodiesel, at a rate of approximately 10–13% of the total volume of biodiesel produced (Dasari
et al., 2005).
One potential application for glycerine is a gluconeogenic substrate for ruminants (Chung et al., 2007). Glycerine can be
converted to glucose in the liver of cattle and can provide energy for cellular metabolism (Goff and Horst, 2001). Glycerine
could be included in ruminant rations as an energetic feed ingredient and substituted for other feed ingredients, such as
cereals, helping to reduce feed costs and improves meat quality (Farias et al., 2012; Eiras et al., 2014). Therefore, the aim of
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Table  1
Ingredients (g/kg DM)  of the treatment diets with different contents of glycerine feeding by Purunã bulls ﬁnished in a feedlot during 229-day period.
Ingredients Dietary glycerine level (g/kg DM)
0 60 120 178
Corn silage 530 530 530 530
Soybean meal 118 134 150 169
Corn  grain 344 268 191 114
Glycerine 0.00 60.0 120 178
Mineral salta 8.30 8.10 7.90 7.60
a Mineral salt composition per kg: calcium, 175 g; phosphorus, 100 g; sodium, 114 g; selenium, 15 g; magnesium, 15 g; zinc, 6.004 mg;  manganese,
1.250  mg;  copper, 1.875 mg;  iodine, 180 mg; cobalt, 125 mg;  selenium, 30 mg;  ﬂuorine (maximum), 1.000 mg.
Table 2
Chemical composition of ingredients and experimental diets feeding by Purunã bulls ﬁnished in a feedlot during 229-day period.
Item Ingredients Dietary glycerine level (g/kg DM)
Corn silage Soybean meal Corn grain Glycerine 0 60 120 178
Dry matter (g/kg) 291 815 818 943 540 547 554 562
Ash  (g/kg DM)  27.3 71.4 23.2 47.6 40.0 42.0 44.0 46.0
Organic matter (g/kg DM)  973 929 977 952 960 958 956 954
Crude  protein (g/kg DM)  60.6 489 103 0.70 108 108 108 108
Ether  extract (g/kg DM) 33.6 25.0 59.3 1.20 37.0 34.0 30.0 27.0
Neutral detergent ﬁbre (g/kg DM)  364 181 173 – 259 251 242 234
Acid  detergent ﬁbre (g/kg DM)  192 116 47.7 – 126 125 123 122
Total  carbohydrate (g/kg DM)  878 415 814 – 734 689 644 598
Non  ﬁbrous carbohydrate (g/kg DM)  514 234 641 – 475 438 401 364
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his study was to determine the effects of different levels of dietary glycerine (as an energy source) on apparent digestibility,
eed intake and efﬁciency and animal performance of Purunã bulls ﬁnished in a feedlot.
. Materials and methods
.1. Animals, housing and diets
This experiment was approved by the Department of Animal Production at the State University of Maringá (CIOMS/OMS,
985). Forty Purunã bulls (¼ Aberdeen Angus + ¼ Caracu + ¼ Charolais + ¼ Canchim) were used in a completely randomised
esign and allocated into individual pens (8 m2 for each animal). After an 11-d diet adaptation period, the bulls were weighed
nd started the study with an average initial BW of 209 ± 33.3 kg and an average age of 8 ± 0.9 months. The bulls were
ssigned to diets containing glycerine at 0, 60, 120 or 178 g/kg DM;  which replaced 0, 183; 385; and 613 g of corn per kg of
iet, respectively. The experimental period in a feedlot system was 229 days.
The chemical composition of glycerine used in the diets presented: water, 23.2 g/kg; ash, 47.6 g/kg; glycerol, 812 g/kg;
ethanol, 3.32 mg/kg and gross energy, 14.2 MJ/kg. In this study, glycerine was used as an energetic ingredient in the diet;
herefore, to obtain isoenergetic diets, the increase in glycerine level was counterbalanced, mainly by a decrease in corn
rain content (Table 1). All the diets were formulated to be isonitrogenous (Table 2).
The bulls were fed the concentrate and corn silage in separate troughs. The concentrate intake was  ﬁxed at 1.2 kg/100 kg
f BW and adjusted monthly when the bulls were weighted. The formulated diet and feed allowance (4.08 kg DM of con-
entrate and 3.79 kg DM of corn silage) were designed to provide a weight gain of 1.2 kg/day, according to the NRC (2000)
ecommendations.
.2. Apparent total tract digestibility
Two faecal collections were performed for a period of ﬁve days starting on day 57 and the other starting on day 86 of the
eedlot period to obtain the apparent digestibility. Faecal samples (approximately 200 g wet weight) were collected for each
ull from the rectum two  times daily (minimum 3 h intervals between samples) and pooled by bull for each 5 day sampling
eriod.
The food and faecal samples were dried at 55◦C for 48 h and after milled through a 2 mm sieve and packed in to 4 cm × 5 cm
57 Ankom ﬁlter bags (20 mg  of DM/cm2) that had previously been weighed. The ﬁlter bags were incubated for 10 days in
he rumen of a ﬁstulated Holstein bull fed a mixed diet of equal parts of forage (corn silage) and concentrate, as used in the
reatments (Casali et al., 2008).
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Table  3
Glycerine levels on apparent digestibility coefﬁcients of diets differing in glycerine concentration and fed to Purunã bulls ﬁnished in a feedlot during
229-day period.
Dietary glycerine level (g/kg DM)  SEMa P-value
0 60 120 178
Dry matter 0.66d 0.69c 0.71b 0.75a 0.009 0.001
Organic matter 0.66d 0.70c 0.73b 0.78a 0.012 0.001
Crude  protein 0.71c 0.70c 0.74b 0.76a 0.011 0.002
Ether  extract 0.87 0.87 0.87 0.90 0.014 0.078
Neutral detergent ﬁbre 0.59 0.58 0.59 0.59 0.010 0.936
Non  ﬁbrous carbohydrates 0.82d 0.85c 0.89b 0.93a 0.011 0.001
Total  carbohydrates 0.68d 0.70c 0.72b 0.75a 0.012 0.001
a Standard error of mean.
After incubation, the bags were removed, washed with water until clean and dried in a ventilated oven at 55◦C for 72 h,
then removed and oven-dried again at 105◦C. To estimate the faecal DM excretion, indigestible neutral detergent ﬁbre
(IaNDF) was used as an internal marker (Zeoula et al., 2002). The IaNDF was  estimated using the difference between weight
before and after ruminal incubation of feed and faeces according Zeoula et al. (2002).
2.3. Feed intake and growth performance
Daily feed intake was determined as the difference between the feeds offered and the refusals in the trough. The feed
efﬁciency was calculated as the ratio between ADG (kg) and daily DMI  (kg). To determine growth performance, the animals
were weighed at the beginning of the experiment and then every 28 days (after a fasting for a 16 h) for the duration of the
experiment. The ADG was calculated as the ratio between total BW gain and experimental period (229 days).
2.4. Chemical analyses
Chemical compositions (concentrate and silage) were presented in g/kg of DM after oven-drying at 65◦C for 24 h and
milling through a 1 mm (AOAC, 1998; ID 934.01). Ash content was  measured by combustion at 550◦C for 16 h (AOAC, 1998;
ID 942.05) to determine the organic matter (OM). Nitrogen concentration was determined by the Kjeldahl method (AOAC,
1998; ID 988.05). After, the CP was calculated by N content multiplied by factor 6.25. Ether extract content was determined
by method ID 920.39 (AOAC, 1998). Neutral detergent ﬁbre (NDF) content was measured according recommendations of
Mertens (2002) using alpha-amylase and expressed inclusive of residual ash. The acid detergent ﬁbre was  measured using
AOAC method (1998; ID 973.18) and expressed inclusive of residual ash. Total carbohydrates (TC) was estimated following
the procedure of Sniffen et al. (1992). Non ﬁbrous carbohydrate (NCF) was determined as the difference between TC and
NDF. Metabolisable energy of feedstuffs was estimated according to the NRC (2000) recommendations.
2.5. Statistical analysis
The experimental design was completely randomised with four treatments and ten replications. Data were analysed
using the MIXED procedure (Littell et al., 1996; SAS, 2004). Animal performance variables (apparent digestibility coefﬁcients
of diets, animal performance, feed intake and feed efﬁciency) were analysed using the glycerine levels as ﬁxed factor. In this
analysis, the least squares means method was used in the multiple comparison analysis (SAS, 2004).
3. Results
The apparent total tract digestibility of DM,  OM,  CP, NFC and TC increased with increasing glycerine supplementation in
the diets (P<0.01; Table 3). On the other hand, the digestibility of EE and aNDF was similar among the four diets (P>0.05;
Table 3). The glycerine inclusion levels (60, 120 or 178 g/kg DM)  did not change DM,  feed intake (P<0.03; Table 4). The DM
intake (kg/100 kg BW)  of the bulls decreased linearly as glycerine level increased in the diet (P<0.01; Table 4). The feed
efﬁciency was better with increasing glycerine supplementation (P<0.05; Table 4). The inclusion of up to 178 g/kg glycerine
in replacement of corn in the diet of bulls ﬁnished in a feedlot did not affect ﬁnal BW and ADG (P>0.05; Table 4).
4. Discussion
Previous studies indicate that glycerine supplementation in the diet potentially improved rumen fermentation and
increased feed digestibility in the total digestive tract of beef cattle (Rémond et al., 1993; Bergner et al., 1995; Trabue
et al., 2007). Similarly, Wang et al. (2009) found that the total tract digestibility of DM,  OM,  aNDF and CP were increased with
increasing glycerine in the diet. Corroborating these ﬁndings, Bergner et al. (1995) found that after seven days of adaptation
by microbial organisms, the metabolisation of glycerine occurs more rapidly, obtaining a total disappearance within 6 h. The
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Table  4
The effects of glycerine level on animal performance, feed intake and feed efﬁciency by Purunã bulls ﬁnished in a feedlot during 229-day period.
Dietary glycerine level (g/kg DM)  SEMa P-value
0 60 120 178
Initial body weight (kg) 217 204 205 209 5.334 0.683
Final  body weight (kg) 472 466 476 474 9.325 0.841
Average daily gain (kg/day) 1.11 1.14 1.18 1.16 0.019 0.625
Dry  matter intake (kg/day) 8.26 8.47 7.29 7.46 0.266 0.149
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ADry  matter intake (kg/100 kg BW)  2.41b 2.51b 2.12a 2.18a 0.047 0.032
Feed  conversion efﬁciency (kg gain/kg DM intake) 0.13b 0.13b 0.16a 0.15a 0.012 0.008
a Standard error of mean.
ncreased digestibility of nutrients in diets containing glycerine may  be explained by the metabolisation of glycerine into
umen and the absorption of fatty acids by the gastrointestinal mucosa. Biohydrogenation and absorption occur rapidly in
he rumen, reducing the amount of material to be transported and metabolised in the gut of the animals. Adding glycerine
o the diet of ruminants alters the pattern of rumen fermentation, linearly reducing the proportion of acetate/propionate as
he dose of glycerine is increased, favouring production of propionate in the rumen by gram-negative bacteria (Wang et al.,
009).
The initial BW of Purunã bulls ﬁnished in feedlot varies from 350 to 380 kg (Rotta et al., 2009). The low initial weight
209 ± 33.3 kg) of the bulls in this study can be explained by the bulls’ age (8 ± 0.9 months). According to Maher et al. (2004)
oung bulls exhibit better feed efﬁciency due the transformation of nutrients into the body. Feedlots can be used as an
lternative system for animal ﬁnishing that increases the utilisation of young bovine (slaughtered at 14–16 months of age),
nabling the production of better quality meat (Eiras et al., 2014).
According to previous studies (Pyatt et al., 2007; Mach et al., 2009; Parsons et al., 2009) the optimal level of glycerine
n the diet of feedlot cattle that are fed high-protein and high-energy diets can vary from 100 to 160 g/kg DM.  According
hung et al. (2007) the quality of glycerine varies to the process for producing biodiesel and the purity of glycerine will
etermine the feed intake. However, in this study the inclusion up to 178 g/kg DM of glycerine in the diet did not alter
nimal performance. Even at high levels of glycerine (178 g/kg DM), no impairment of ﬁnal BW and growth rate were
bserved. This was potentially due to the quality of the glycerine product (purity above 800 g/kg glycerine) with low fatty
cid and methanol concentration.
In the current study the ADG was low for the young bulls used (crossbred bulls slaughtered at 16 months of age). Generally,
his type of animal has an ADG of 1.4–2.0 kg (Rotta et al., 2009). According to the NRC (2000), during puberty, cattle need a
iet with DM that has 120 g/kg CP to reach their total potential body development. In this study, the protein content in the
iet was 108 g/kg DM which is lower than the requirements recommended by the NRC (2000).
Mach et al. (2009) reported no changes in DMI  when glycerine was added at levels of 0, 40, 80 or 120 g/kg DM on the diet
f Holstein bulls that were fed high-concentrate diets (8.3 kg/day). In contrast, Parsons et al. (2009) reported a 13% reduction
n DMI  when glycerine was added at 160 g/kg DM to a steam-ﬂaked corn feed and fed to heifers for the ﬁnal 85 days before
laughter. Schröder and Südekum (1999) reported a 0.7 kg/day reduction in starch intake of ruminally cannulated steers
hat were fed a diet with 15% glycerine.
Feed conversion efﬁciency has been improved by 33% when glycerine was  included at 120 g/kg DM of the diet; however,
dding glycerine at 160 g/kg DM reduced the feed conversion efﬁciency by 2.8% (Parsons et al., 2009). Similarly, Pyatt et al.
2007) reported a 21.9% improvement in feed efﬁciency when glycerine was  used to replace 100 g/kg DM of the dry-rolled
orn content in cattle diets.
. Conclusions
When there is excessive glycerine production this product might be utilised in the diets for young bulls ﬁnished in feedlot
ithout negative consequences on production performance.
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